Introduction
After a large number of blue algae aggregate and die in eutrophic water under conditions of high water temperature, slow wind, low air pressure, and a weak reoxygenation rate, they decompose and release substances such as volatile sulfide and dim ethyl trisulfide, which combine chemically with heavy metals in sediments. As a result, a foul-smelling brownish black cluster forms that leads to anoxic conditions and the deterioration of water quality. This phenomenon is known as black water aggregation (BWA) [1] . Such clusters appear on a small scale and generally persist for less than five days. BWA is responsible for causing severe damages to the environment. The toxins released pollute water resources and threaten people's health. In addition, BWA leads to a rapid decrease of dissolved oxygen concentrations in water, which can destroy aquatic flora and fauna, affecting the natural environment and aquaculture. Taihu Lake is a typical inland eutrophic water body that was selected for research because BWA occurs there occasionally. Lu and Ma (2009) and Sheng et al. (2010) researched the characteristics and formation factors of BWA in Taihu Lake [1, 2] . Lu and Ma (2010) also analyzed the phenomenon in 2009 at Taihu Lake with focus on an area susceptible to BWA [3] . Wang et al. (2010) presented an early warning method for BWA in Taihu Lake based on [4] . Li et al. (2012a) proposed a remote sensing retrieval algorithm of BWA based on Thermal Mapping (TM) images. However, in general, research on the BWA phenomenon remains novel worldwide [6] . Chinese remote sensing satellites use micro-satellite constellations to forecast and monitor environmental changes and disasters. These satellites are equipped with two wide-coverage multispectral charge coupled device (CCD) cameras. Known as HJ-CCD, they are important tools because they are capable of covering 700km per image with medium-high spatial resolution (30 m) and high temporal resolution (two days). Therefore, the HJ-CCD satellite is more suitable for BWA monitoring than are the Moderate-Resolution Imaging Spectroradiometer (MODIS) and TM methods with special and temporal resolutions of 250 m and one day, and 30 m and 16 days, respectively.
Li et al. (2012b) studied visual interpretations of BWA by using HJ-CCD images [7] . The present study uses the same data to explore an automatic retrieval algorithm of BWA to provide a new approach for operational monitoring of the BWA phenomenon.
Data Processing
Li (2012) reported that BWA occurred on May 11, 2009; August 21, 2010; July 28, 2011; and September 24, 2011 [7] . Therefore, we acquired the corresponding HJ-CCD images for our research. After composition, clipping, and application of geometric precision correction to each HJ-CCD image, we obtained four digital number (DN) images of Taihu Lake. We chose the northwest near shore region of Taihu Lake as our research area because it is known for BWA occurrence ( However, DN values of BWA areas varied significantly among images, partly because no atmospheric correction was applied to the images. Previous research indicates that extraction of BWA areas from HJ-CCD data by constant threshold values was unsuccessful [7] . Based on data and the above analysis, we examined the relationships between gray values of BWA and research areas to eliminate atmospheric effects and to determine BWA areas accurately.
Retrieval Algorithm of Black Water Aggregation
In the present study, we selected the former three HJ-CCD images, from May 11, 2009; August 21, 2010; and July 28, 2011 as training data to develop the retrieval algorithm. All four images were used to test the algorithm. July 28, 2011 (60，66) (43，51) (36，43) Moreover, to eliminate boundary effect, pixels were identified as BWA only when more than 200 linked pixels met the band thresholds stated above. The extracted results, shown in Figure 3 , indicate that these threshold values could precisely extract the areas of BWA. areas in bands 1 to 3. n1, n2, and n3 are extracting coefficients of bands 1 to 3. By formula (4), we calculated empirical values of n1, n2, and n3, as shown in Table 6 . Table 6 shows that the coefficients are relatively stable. This study used mean values as coefficients to extract BWA. The retrieval algorithm is as follows:
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Results
We first tested the retrieval accuracies of the training images (Figures 4(a) to 4(c) ), which were89.9%, 58.1%, and 73.4%. We then tested the retrieval accuracies of testing images (Figure 4 Results of extraction by using the retrieval algorithm. 
Discussion and Conclusion

Discussion
Conclusion
In this study, we masked off research areas susceptible to BWA by using HJ-CCD images. We then analyzed the mean values and variances of gray values in the images of typical BWA areas and research areas. The results showed that gray values of visual bands in the BWA areas are obviously lower than those in research areas. Moreover, we developed a retrieval algorithm (Formulas (5)- (7)) of BWA based on mean values and variances of gray values in the visual bands in the research areas, and we tested the method against experimental satellite images. The results show that the retrieval algorithm can be used to effectively and accurately monitor the locations and regions of BWA. This study is a meaningful step in the operational monitoring of BWA. However, this research is a preliminary study because no standard exists on the methods used to identify BWA. In addition, errors in visual interpretation limit the accuracy assessment of the retrieval algorithm. Therefore, we will further our research in the following aspects. It is essential to measure the apparent and inherent optical properties to investigate the spectral characteristics of BWA, and we will research the differences among the spectra of BWA in normal water bodies and in algal bloom areas. A more accurate and rational retrieval model of BWA is expected to be developed on the basis of this proposed research.
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